THE HISTORY AND FATE OF THE UNIVERSE

Gravity and Expansion

Isaac Mewton realized in the 1600s that a universe of a finite size
could not be motionless. Since gravity always pulls matter together,
the galaxies should all either be collapsing together or be expanding
away from each other (though slowed by gravity). In expansion, the
relative velocities of galaxies are simply proportional to the distance
apart — exactly what Edwin Hubble later discovered.

The Big Bang Had No Center

The Big Bang (which started
the expansion) happened every
place at the same time. Thus,
while galaxies today are reced-
ing from each other, they are not
moving away from one central
point. Indeed, each point in space
can be considered the center.

This kind of expansion is not
as unusual as you might think. Think about the raisin bread (shown
above) as a portion of the universe, with the raisins as galaxies and
the dough as the expanding space around them. Due to the rising of
the bread (the expansion of space), distances increase and raisins
move apart, though the raisins themselves do not expand.

Redshifts and Expansion

Another consequence of the expansion of space is that ightwaves
stretch with the expansion. As the wavelength of visible light in-
creases, it becomes redder (as shown for the photons in the central
figure on the other side). Observing this redshift reveals the amount
of expansion, from which we can measure the time between when
the photons were emitted and now. To build up a picture of the ex-
pansion history of the universe (distances versus time), we also need
to measure distances,

Measuring Cosmic Distances

To determine the distance to objects
that are far across the universe, we can
begin by measuring the brightness of
the object. Objects that are far away
look less bright as seen from Earth.
But if an object appears less bright, is
it farther away or is it just a dimmer ob-
ject? To answer this, we use objects that
all have the same intrinsic brightness.
These are called “standard candles.”

Type la supernovae are very bright, distant exploding stars that all
have the same intrinsic brightness, so they can be used as standard
candles. By comparing the distances to these exploding stars with
the redshifis of their host galaxies, we observe that the redshift is
greater for more distant objects.

Since the light reaching Earth from very distant objects was emit-
ted billions of years ago, we see the most distant objects as they
were billions of years ago. Putting the distances and times together,
researchers can calculate how fast the universe was expanding at
different times in its history and even estimate the age of the uni-

verse to be 14 billion (14 x 10%) years.

Apparent Brightness and Actual Luminosity

The sun (which is an ordinary star) stands out in our sky beca
it is close to Earth. Many other stars (and galaxies) have far grea
actual luminosity but appear much dimmer because they are mu
farther away.

To read a book by the light of a lamp, you need the lamp sitti
beside you, not across the room. Even though the actual luminos
L {the amount of light it is giving off) is the same no matter wh
the lamp is, its apparent brightness & at your book is much higl
with it nearby.

You can calculate how the apparent brightness of a star (or otl
bright object) diminishes with the distance from it by imaginin;
sphere of radius £ with the star at the center. The luminosity (L)
the star is spread out over the surface of the sphere, which has a
47R®. So the brightness at any point on the sphere is b= L /47R".

This is the inverse square law of brightness. This equation can
solved for the distance R, so you can measure the distance to a s
if vou know its intrinsic luminosity: g = {L/4xh

Antimatter

During the first microsecond of the universe, great numbers
particles and antiparticles were created and destroyed at a rapid rz
Almost imperceptible effects led to a tiny excess of particles (ratl
than antiparticles), about one more particle than antiparticle out
each 30 million created. Matter and antimatter met and annihilat
leaving only one particle out of each 30 million to survive tod
These particles make up ordinary matter.

Formation of Nuclei

The lightest elements in the periodic table were all formed in |
first few minutes of the universe; this is called primordial nucls
synthesis. The amount of each relic element that formed and s
vived to the present gives us a picture of the temperature, densi
and expansion of the universe at that early time. The consistency
this picture with those from measurements of the expansion toc
and the relic cosmic background radiation gives a strong foundati
for the Big Bang model.
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Current Composition of the Universe

The stars we see in the night sky, even with the most power
telescopes, are only a very small part of the mass-energy of the u
verse. More mass-energy is in the form of atoms contained in
and dust as well as in fleeting particles called neutrinos. Stll more
in unidentified nonluminous material called “dark matter.” But tv
thirds of all mass-energy is the mysterious dark energy.



